Aims: Non-invasive methods are required to diagnose presence and grading of esophageal varices in patients with hepatic cirrhosis and in this respect we have evaluated the role of transient elastography and abdominal ultrasound parameters. Material and methods: Cirrhotic patients were prospectively evaluated by transient elastography and Doppler ultrasound for diagnosis of presence and grading of esophageal varices, the results being compared with the findings of the esophagogastroduodenoscopy. Results: Sixty patients with hepatic cirrhosis were analysed. The parameters that reached statistical significance for diagnosis of esophageal varices were: liver stiffness (LSM) > 15 kPa, hemodynamic liver index (PVr1) ≥ 0.66, portal vascular resistance (PVR) > 17.66 and splenoportal index (SPI) > 4.77. The only parameter that reached statistical power for the diagnosis of large esophageal varices was LSM at a cut-off value of 28.8 kPa. Conclusions: Assessment of LSM in patients with liver cirrhosis can predict both the presence of esophageal varices and of large esophageal varices. The PVr1, PVR and SPI Doppler indexes can be used to diagnose the presence of esophageal varices but have no role in the prediction of large esophageal varices. Further studies are required to confirm these results and offer a stronger clinical significance.
Introduction
Esophageal varices (EV) are present in 40% of patients with compensated liver cirrhosis and in 60% of those with decompensated disease, having a constantly progressive evolution; once discovered they need to be under constant surveilance [1] . The annual rate of incidence of new varices is 7-8%, with a similar rate of transition from small to large EV. The major risk that threatens the prognosis of a patient with EV is massive upper digestive bleeding, knowing that the first bleeding episode is associated with a 40% mortality rate [2] . The optimal interval for endoscopic surveilance in patients with liver cirrhosis depends on the ethiology and grade of EV; patients with EV grade I should be monitored endoscopically every 1-2 years, the short 1 year interval being recommended for patients with alcoholic cirrhosis; in patients without EV the endoscopic surveillance should be performed every 2-3 years to detect those with newly developed EV and hemorrhagic risk [3, 4] .
Esophagogastroduodenoscopy (EGD) remains the gold standard for diagnosis and grading of EV and for the evaluation of the risk of bleeding [5] but it has a series of dissadvantages that makes long term surveillance problematic: it is unpleasant for the patient and requires both complex logistics and qualified medical staff. Therefore, there is a strong need for another, less invasive set of investigations that have the ability to select patients with a higher risk of bleeding who will benefit from a therapeutic EGD, from those with low risk, who will not benefit at all.
There are already a number of non-invasive biochemical and imagistic investigations that are used to characterize the morphological changes and vascular flow pattern in the portal system in patients with liver cirrhosis and portal hypertension (PHT) such as transabdominal ultrasound (US) or the ultrasound study of liver stiffness (LSM) which are directly correlated with the severity of PHT [6] [7] [8] [9] [10] .
Although there are publications in the literature showing that US is valuable in the screening of patients with EV, the majority of studies are retrospective and have a low scientific yeld. There is a need for prospective well designed studies to investigate in depth this relationship.
The aim of our study is to analyze prospectively the role of Doppler US and LSM in the detection of newly developed EV or growth of already known EV in patients with liver cirrhosis.
Material and metohd

Study design and patients
This longitudinal prospective study was performed between 2009-2012 on patients evaluated at the 1 st Medical Clinic, Department of Gastroenterology, Emergency Clinical County Hospital Cluj-Napoca. The study protocol complies with the principles of the Helsinki Declaration and, together with the Informed Consent, was approved by the Ethical Commitee of the ''Iuliu Hațieganu'' University of Medicine and Pharmacy, Cluj-Napoca. All patients were informed regarding the objectives of our research and were asked to sign and date the Informed Consent Form.
Inclusion criteria: adult patients with viral, alcoholic or mixed type liver chirrosis confirmed either by liver biopsy or by clinical, biochemical and imaging criteria.
Exclusion criteria: adult patients with liver cirrhosis of another ethiology, patients under treatment with betablocking agents or antiviral therapy (interferon), patients with thrombosis of the portal vein system, history of upper digestive bleeding or history of transplantation, TIPS treatment or sclerosation of EV, patients with concomitant hepatocarcinoma, presence of snon-PHT related splenomegaly, history of splenectomy and obesity with BMI ≥30kg/m 2 .
Patients included in the study were investigated as follows: clinical and biological evaluation, upper GI endoscopy, abdominal gray-scale and Doppler US and measurement of liver stiffness using uni-dimensional elastography after a fasting period of at least 8 hours and physical rest of 20 min.
In patients with a higher risk of bias for LSM or Doppler US measurements due to perihepatic ascitis or ASAT, ALAT ≥ 100 UI were evaluated only after the correction of these parameters, at a distance of 2-12 weeks from the inclusion in the study.
Morphologic evaluation of the portal axis in grayscale abdominal ultrasound. This evaluation was performed by one single experienced investigator using a General Electric Logiq S6 (General Electric Inc, NY, USA) device equipped with a convex probe GE 4C (2.5-5.5 MHz) and a linear probe GE 12L (7) (8) (9) (10) (11) (12) .
All measurements were performed using a standardized protocol: the long axis of the spleen was measured on the left mid-axillary line with the hilus of the spleen present on the screen and the diameter of the portal vein was measured in the hilus of the liver, 2 cm caudal from its bifurcation, as the patient was in deep inspiration. A value ≥ 13 cm for the spleen diameter was considered pathological.
Assesment of blood flow pattern in the portal and splanhnic axis. Doppler US was performed using a low frequency of pulse repetition (750-1200Hz); the wall filter was set between 0-50Hz; the color box was reduced to the minimum and colour amplification was adjusted to obtain a non-artefacted image.
The following Doppler parameters were recorded in all patients: maximal and mean velocity (V maxPV , V mPV ), portal blood flow (F PV ), hepatic artery resistivity index (HARI), hepatic artery pulsatility index (HAPI), hepatic blood flow (F HA ), splenic artery resistivity index (SARI), splenic artery pulsatility index (SAPI) and splenic blood flow (F SA ). V max-PV , V mPV and F PV were recorded at the level of the portal vein just before its bifurcation, with a < 60° angle correction, during inspiration. All measurements were performed at the level of the hepatic and splenic hilus, respectively.
Calculation of the specific indexes was done according to the following formulas:
Portal Hypertension Index: PHT Index = (HARI x 0,69) x (SARI x 0,87) / V mPV [11] Doppler Perfusion Index: DPI = F HA /(F HA +F PV ) [12] Hemodynamic liver index: PVr1= PV diameter/ V mPV [13] Portal Vascular Resistance: PVR = [(0,066×SAPI)-0,044] × F PV [14] Spleno-Portal Index: SPI = Splenic Index / V m PV (Splenic Index = long diameter of the spleen × short diameter of the spleen) [15] . Assesment of liver stiffness was randomly performed by two experienced investigators using the FibroScan® (EchoSens, Paris, France) device equipped with a medium sized probe. For certification of a valid measurement we complied to the recomendations of the manufacturer and relied on the previous validated parameters: IQR (interquartile range) variation of 10 measurements compared to the mean value < 30% and the rate of success > 60% (number of valid measurements compared to the total number of measuments) [16, 17] Endoscopic evaluation of esophageal varices. In all patients, an upper GI endoscopy was performed by a single investigator using the Olympus Exera II device. Four groups were created for statistical analysis: patients without EV (EV0) and with EV (EV+), respectively small EV (EV0 and EV grade I) and large EV (EV grade II and III).
Statistical analysis
We used both descriptive and interferential statistics. For the descriptive variant, the indicators for centrality and dispersion were used: mean value and standard deviation for cases that have a gaussian distribution, respectively the 25% and 75% percentile for the variables that did not have a normal distribution of values. The interferential statistical evaluation aimed at assessing the concordances between the diagnostic test used and its golden standard equivalent. The diagnostic accuracy was assessed by using the ROC curves (Receiver Operating Characteristic). Accordingly we calculated the optimal cut-off values for each parameter and various other statistical parameters: sensitivity (Se), specificity (Sp), accuracy, +LR, -LR, PPV, NPV, prevalence and the associated 95% confidence intervals.
For the studied parameters both the area under the ROC curve (AUROC) and the associated 95% confidence interval were calculated.
The statistics were determined using the IBM SPSS v.21 version 3.03 software.
Results
General characteristics. The study group comprised 60 patients that fulfilled the inclusion criteria. The general and biochemical characteritics of these study groups are detailed in Table I . Table II compares the grey-scale (US) and Doppler (USD) ultrasound in the 4 study groups: EV0, EV+, small EV and large EV.
Correlation between LSM and presence of EV. At a cut-off value of LSM >15kPa has a remarkable AUROC of 0.96 with Se and Sp reaching 95.7% and respectively 100% (table III) .
Correlation between LSM and presence of large EV. For a cut-off value of LSM > 28.80kPa, the AUROC value reached a very good value of 0.9, with Se and Sp of 87.2% and 82.76% respectively (table IV) .
Correlation between USD and presence of EV. PV r1 at a cut-off value ≥ 0.66, has a good AUROC value of 0.83, with 92% Sp and 65% Se. For a cut-off value of PRV > 17.66 the AUROC at 0.9 and Se at 92% are excellent. The SPI index at a cut-off value > 4.77 has a good AUROC of 0.85 and excellent Sp of 92%.
Correlation between USD and presence of large EV. None of the Doppler indexes managed to offer significant results, the AUROC value being in all cases ≤ 0.75, with a diagnostic accuracy ranging between 65-71% and low Se and Sp (<65.6% and <78.6% respectively).
Disscusions
Although the management of upper GI bleeding has improved in the last decade, the mortality rate associated with the first hemorrhagic episode still scores a high 20% value within the first 6 weeks [18] . This is a strong rea- n = number of patients, LSM = Liver Stiffness Measurement , PV = portal vein, V mPV = portal blood mean velocity, V maxPV = portal blood maximum velocity, F PV = portal blood flow, F HA = hepatic blood flow, V mHA = hepatic artery blood mean velocity, HARI = hepatic artery resistance index, HAPI = hepatic artery pulsatility index, A spl = area of the spleen, Pspl = perimeter of the spleen, SARI=splenic artery resistance indices, SAPI = splenic artery pulsatility indices, * the 25 -75 percentile was noted son to include patients with liver cirrhosis not known to have EV in programs of endoscopic screening. Patients with known EV also benefit from a timely diagnosis as, bleeding prophylaxis has been proven to reduce the risk of bleeding and death with as much as 50% [19] . Although effective, the strategy of endoscopic screening in all cirrhotic patients is very expensive and suffers from the lack of compliance from patients. Moreover, there are recent studies which show that more than 50% of the screened cirrhotic patients will not develop EV within a period of 10 years follow-up [20] . In conclusion, there is a real need for complementary non-invasive diagnostic tools that can select for endoscopy only the subsets of patients that really need it. A series of non-invasive tests have already been described in the literature as indicators of portal hemodynamics. A simple ennumeration shows how multiple and diverse these markers are: diameter of the portal vein, congestion index of the portal vein, velocity indexes and indexes for pulsatility and resistivity in the splanhnic vascular system, etc. However, none of them has managed to match EGD in terms of accuracy, sensibility and specificity. The battle is not lost though and we do believe that a combination of these parameters in complex diagnostic formulas could avoid the deficiencies of each particular parameter and lead to a more significant result that could eventually compete with EGD in terms of EV diagnosis.
We have chosen six imagistic parameters: LSM, DPI, PV r1 , PVR, SPI and PHT Index and analyzed them in the context of presence of EV and grade of EV (small or large).
In our study, Fibroscan had a high accuracy both for the prediction of EV+ as well as the presence of large EV. A value of LSM > 15 kPa had a high accuracy for diagnosis of EV+ while a value exceeding 28.8 kPa identified correctly patients with large EV.
These results are similar with the literature, the LSM cut-off value for diagnosis of EV+ ranging from 13.9 to 21.5kPa. The sensitivity of elastography for the presence of EV has been high in the majority of the studies we have reviewed (76-95%) but their corresponding specificity (43-78%) was significantly lower than the value we obtained [9, [21] [22] [23] [24] [25] [26] . One explanation for this discordance may come from the fact that the reviewed studies were conducted on a population with a heterogenous ethiology of cirrhosis. Pritchatt et al [22] demonstrated that in the HCV group (viral C cirrhosis) the number of false negative cases was significantly higher than in the non-HCV ethiology group (0.6% vs. 10.3%) while Nguyen-Khac et al [27] proved that the cut-off value is higher in alcoholic liver cirrhosis (19,5kPa) compared with the C viral cirrhosis (12, (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 6kPa ).
Our study is not ethiology-homogenous but the predominant ethiology is alcoholic, in discordance with the published studies which have predominantly viral ethiology. Moreover, in our population, the viral ethiology is predominant in the non-EV group while alcoholics are more present in the EV group. The same distribution is also maintained in the small EV group (viral and alcoholic) vs the large EV group (mostly alcoholic). This distribution of ethiology may have had an impact on the final accuracy of our data. We have made an analysis of However, when the entire group was analzyed, we obtained representative cut-off values for the presence of EV (15 kPa) and the diagnosis of large EV (28.8kPa).
Another source of bias that may explain our very high Sp values could have arisen because of the relatively low number of patients analyzed. The studies we have reviewed in the literature suffer from the same limitations, as the number of cases evaluated did not exceed 183 patients, the least number of cases (43 patients) being recorded in prospective studies [9] . Another limitation of our study and reason for our high Sp may arise from the numeric disparity between the EV0 (n=13) and EV+ (n=37) groups. We could have increased the number of patients recruited in the EV0 group by relaxing the inclusion criteria but we did not want to lose the accuracy of our research protocol and therefore rejected this possibility.
In order to reach a numerical equilibrum between the study groups, we united the subgroups of patients without EV (EV0) and those with EV grade I in the small EV group which we compared with the large EV group created by the union of patients with EV grades II and III. In this setting we found a cut-off value of 28.8kPa which is within the limits of the literature (between 19.00 kPa [21] and 30.5kPa [24] ) and predicts the presence of large EV with good Se and Sp, and an excellent AUROC (0.9). Our results confirm the conclusions of Bonder et Afdhal [28] who recommended that all patients with liver cirrhosis and a value of LSM exceeding 15kPa should be screened for the detection of EV and those with a value over 20kPa should be treated with ß-blocking agents.
The portal and splanhnic hemodynamics have been intensively studied to characterize the blood flow pattern in the portal system and its implications. Various indexes have been calculated using complex mathematical formulas in an attempt to characterize the blood flow pattern in the portal system: the congestion index of the portal vein, the spleno-portal index, the index of portal hypertension, the arterio-portal index, the indexes of pulsatility and resistivity in the hepatic and splenic arteries, etc. Of all these we chose to study in detail the correlation between the presence of EV and five indexes that contain in their formulas Doppler paramaters modified by the presence and the degree of PHT: DPI, PV r1 , PVR, SPI and PHT Index. We chose these indexes either because we considered them valuable for the prediction of EV (SPI, PHT Index) or because some of them have not been studied so far in relation to the presence of EV in cirrhotic patients or had not been validated on large cohorts of patients (DPI, PV r1 și PVR)
The value of Doppler indexes for detection of EV was modest in our study; only three of them achieved an AU-ROC higher than 0.8: PV r1 , PVR and SPI.
PV r1 has been most frequently studied as a non-invasive alternative to liver biopsy to predict progression towards cirrhosis, a value of PVr 1 > 0.07 being proven to differentiate between chronic hepatitis and liver cirrhosis [13] . There is no report so far in the literature on the use of PV r1 for noninvasive prediction of EV presence and in this respect, our study has certain elements of originality. Our data shows that when PV r1 ≥ 0.66 the probability that EV are present is fairly high. However, PV r1 can not differentiate small EV from large EV and should not be used in this case.
Bolognesi et al has showned that PVR has a good accuracy in predicting the severity of PHT (≥ 10 mmHg) [14] . In our study PVR offered good prediction rates for the presence of EV but showed no value in differentiating small from large EV. As we are aware, this is the first study to evaluate the performance of PVR regarding the prediction of EV. Although, extrapolating from the study of Bolognesi, we would have expected to have significant results concerning the presence of large EV as well, the final data did not confirm this hypothesis.
The spleno-portal index (SPI) has been proposed for the first time by Liu et al in 2008 [15] to predict small and large EV. One of the advantages of SPI is that it can be recorded easily during the screening programme for the detection of liver hepatocarcinoma. At a cut-off value of 3, Liu managed to predict the presence of EV in 92% of patients with Child A cirrhosis, avoiding thus an unpleasant diagnostic EGD [15] . Our results are also encouraging but the cut-off value for diagnosis of EV was higher, at 4.77. One explanation for this difference is that, unlike Liu, we included in our study patients not only with cirrhosis Child A (n=39 patients) but also with Child B or C (n=21 patients). When the results are extrapolated, we could speculate that a value of SPI above 3 has a high predictibility for the presence of EV in patients with Child A cirrhosis while a value of SPI over 4.77 is predictive irrespective of the grade of cirrhosis (Child A, B or C). In our evaluation SPI had no value in differentiating small EV from large EV.
The other parameters studied such as DPI and the PHT index have an AUROC value under 0.8 and therefore have been considered inadequate for the purpose of our study.
In conclusion we can say that Fibroscan has an important role in the prediction of presence of EV, a value of LSM above 15kPa being suggestive in this respect while a value over 28 kPa pointing towards the presence of large EV. Our study has also identified three Doppler indexes: PVr 1 , PVR și SPI which, at cut-off values of 0.66, 17.66 and 4.77 respectively can predict the pres-ence of EV in patients with liver cirrhosis. We consider that further studies, in a multicentric format and on larger cohorts of patients are required to confirm our results and to offer them a strong clinical significance. We are confident that the inclusion of the above discussed indexes in a diagnostic algorithm can reduce the need for endoscopic screening in patients with liver cirrhosis in the future.
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